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Abst ract - Tenperature di stribution
pattern on normal and cancer tissues
caused by the Electromagnetic wave
effect is presented in this paper.
First, the pattern is nodelled by using

Bi o Heat Transfer Equation and then the
Galerkin Finite Element nethod is used
to solve the equation via conputer
simulation. From the sinulation results
it can be shown that the tenperature
change on the cancer tissues is
relatively constant and 0.4 ° C higher
than the change on the nornmal tissues.
From this phenonenon it can be
understood that the danmage of the cell
of the cancer tissues is greater than
the damage of the cell of the nornal
tissues. Therefore it is possible to use
t he Hypertherni a t echni que with
el ectromagneti c wave for cancer therapy.
The sinmulation results can be also used
to decide the control strategy for
gi ving t he dose ener gy of
el ectromagnetic wave which is flowed out
to the cancer tissues.

Keywor ds- Tenper at ur e, Cancer,
El ectromagneti c wave
I . 1 NTRODUCTI ON
Several well-known nmethods of cancer

t her apy o) far are
chenot herapy and surgi cal
radi ot herapy method - for

r adi ot her apy,
operation. 1In
exanpl e X-ray

— cancer cells are killed by utilization
of radiation ray through ionisation
process of the cell. Drug is used in
chenot herapy nmethod, while in surgical

operation method, the cancer cells are

renoved from the tissue by operation.
Hyperthermia is one of the therapy
technique by neans of increasing the
tenperature of cancer tissue several
degrees above nornmal body tenperature
(41 to 45 °C

Several studies show that the roles of
hypertherma as radiosensitizing and
chehnosensitizing agents are one of
effective way for cancer therapy [1].
The positive inpact of conbination of

radi ot herapy - hypertherma was studied

by [2113], and
hypertherm a by [4][5].
In general, the characteristic of
cancer cell tissue has pH <7.4, |ower
than the nornal one (pH>7.4). In
consequence, oxygen and nutrition supply
are |ow Ther ef or e, tenperature  of
cancer tissue is easier to increase than
the normal one. The relation between pH,
heat energy exposed time and cell
lethality influence (called as surviving
factor) is shown in Figure 1. The
treatment of hyperthermia on nornal
ti ssue causes the increase of 3 to 20
times than the normal blood flow. On the

chenot her apy -

contrary, the sane treatnent to the
cancer tissue causes only less than 2
times of the normal blood flow. It neans

that heat dissipation by blood flow on
normal tissue is bigger than cancer
tissue. Therefore it is easy to
understand that for the sanme exposure,
the danmge of cancer tissue wll be
hi gher than the normal one [6].

To increase the tissue tenperature,
sever al energy transfer nethods are
used, nanely nechanic-to-thermal energy
transfer (ultrasound nethod), thermal-
t o- t her mal (cont act met hod) and
el ect romagneti c-to-t hernal et hod. In
this paper will be discussed concerning

ef f ect of el ectronagnetic
bi ol ogi ¢ tissues.
Several stages are needed to determ ne

wave on
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di stribution
wave [7];

pattern  of
caused by

tenperature
el ectromagnetic

firstly is a nodel developnent to find
Bi 0- Heat Transfer equation (BHT), that
is derived wth taking account the
effect of internal factors such as
conducti on, convection (blood flow),
electrical characteristic, and thernmal
characteristic of biological tissues;

and external factors such as frequency
of el ectronagnetic wave that used,

di stance of wave guide to surface of
tissue, and power density of
el ectromagnetic wave. Secondly, derive
of El ectromagnetic  \Wave Pr opagati on
(EWP) to determine electric field in
bi ol ogi cal tissues. And finally, is

using Galerkin finite elenent nethod to

sol ve the BHT and EWP.

Figure 1. Rel ationship between pH, tine

exposure and surviving fraction

1. THERVAL MODELLI NG

If external energy supplied to human

body, energy balance in hunman body (Q
can be expressed by:
Q= Q + Q + Q

_ (1)
with
Q,:Thermal absorbed by biological tissues (human body)
Q :Heat exchange wi th bl ood flow
Q, : Metabolic heat generation

Using Fourier law (heat transfer
t hr ough conducti on) and rate of
tenperature change in hunman body
af fected by el ectronagnetic ener gy
transfer, therefore Bio Heat Transfer

Equati on (BHT):

p, ¢, OT/¢dt 2=)Qp+Qn+D c (kOT).Q

where :

p, = tissue density [kg/nf]

c, = tissues heat capacity [J/kg °(C]

k thermal conductivity [Wm©°(

Q,=tissue absorption rate from external source [ W n¥ ]

Q~rate of nmetabolic heat generation
[Wn#]

Qj =

rate of
[Wn#]

Under an assunption that the system at
the steady state condition and the heat
gener at ed by nmet abol i ¢ process is
ignored, the heat transfer affected by
convection (bl ood flow):

heat exchange w th bl ood.

q:_mpbptcb( T - Tb)
(3)

Where are m is rate of blood nass and
T, is arterial blood tenperature that
inflow to zone treated. Because blood
inflow to zone treated, initially at
arterial tenperature T, that assumed
equally to normal tenperature of body,
therefore T, is zero. Meanwhile the heat
absorbed by biological tissue is given
by the foll ow ng:

= Y% o[ED?2
Q(4)

Wth E is the intensity of the electric
field and o is the electric conductivity

of the biol ogical tissue. The  BHT
equat i on now becone:
(kO T) -a T + % o |[E| 2 = 0
(5)

wi th: a=p pc,m

In order to know pattern of t he
t emper at ure di stribution on t he
bi ol ogi cal tissue, firstly intensity of
the electric field to be conputed using

Maxwel | equation as the foll ow ng:
02 E+y2 E=0
(6)
wit h:
Y2 =w? ped

y = constant of propagation.
el = conplex permttivity

I11. GALERKI N FI NI TE ELEMENT

The use of electromagnetic wave on the
bi ol ogi cal tissue will generate the
electric field at the tissue. The
intensity of the electric field is
obt ai ned by solving equation (6) and the
Galerkin finite elenent method is used
to solve equation (6) as the follow ng.

First, equation (6) is witten as the
following form
n
S(Uw (FE+YE) dA=0
j=1
VWere w is the weighting factor; j is

t he nunbejr of elenment; and n is the

nunber of the node. Since in the
Galerkin finite elenent met hod the
wei ghting factor is equal to the shape
function (w=¢@), the following matrix

equation is obtained for each node.



[K] [E] = [ Dl
(7)

with: [K] = [A + [B]
(A =1(® )" () dA T
[Bl =-J ¢ y2 ¢ dA [D =[¢ (0B

n dL

Second, after the intensity of the
electric field is obtained, then using
t he same met hod t he tenperat ure
distribution pattern can be obtained

through the solution of the matrix form

of equation (5).

[KI [T] = [El
(8)
with : [K] =[F +[B]; [E =[C + [D
5;} =/(9 )k @ dA [B =J¢ ag
[0 =f%eolEl? dA [D =-/q ng
dL
Hence, the tenperature distribution

pattern as a side effect of using the
el ectromagnetic wave on the biologica
tissue is obtained by solving equations
(7) and (8) via sinulation [8].

V. RESULTS

The hypert herm a techni que was
simulated on the thigh tissue with the
finite elenent grid as shown in Fig. 2
using the follow ng paraneters
Time: 30 minute
Frequency: 915 MHz

The di stance between the applicator and
the object therapy (cancer zone): 1.5
cm

Figures 3, 4 and 5 show the sinulation
results of the real part, inmaginary part
and the magnitude of the electric field
as a function of the node, respectively.
It should be noted that the nodes 1 ~ 13
represent the skin layer, the nodes 14 ~
25 represent the boundary between the
skin and the fat layers, the nodes 25 ~
63 represent the fat l|layer, the nodes 39
~ 46 show the nuscles, the nodes 47 -~

49; 56 ~ 58; 65 ~ 66 represent the bone
and the nodes 67 ~ 80 represent the
cancer tissue.

Fromthe sinmulation results, it can be

seen that there is a significant change
of the real part, the imaginary part and
the magnitude of the electric field at
the nodes 1 ~ 10 (the skin layer). This
is caused by the big enough absorption
of the external energy at the skin
| ayer. Meanwhile, the electric field at

the node 60 ~ 80 (the cancer tissue) is
rel atively honbgenous and constant.

On the other hand, the tenperature
distribution as a side effect of
el ectronagnetic wave is shown in Fig. 6.
From this figure, it can be seen that
the tenperatures at the skin l|ayer and
at the boundary between the skin and the

fat layers change very fast. The highest
tenmperature occurred at these |ayers.
Meanwhi | e, t he changi ng of t he
tenperatures at the fat, the nuscle and
the bone layers are not so high,
noreover, alnost constant. It means that

the skin layer and the boundary between
the skin and the fat layers are very
sensitive for the heat over-accumul ation
that m ght cause burning these tissues.

It also can be seen from Fig. 6 that

the increasing of the tenperature at the
cancer tissue is relatively constant and
hi gher than the increasing at the bone
| ayer (the nodes 47 ~ 66). It neans that
the tenperature at the cancer tissue is
relatively honmpbgenous and it makes
possi bl e for occurring the damage of the
tissue.
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Figure 2. Gid of finite elenent on
thigh tissue
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Figure 3. Real part of Electric field
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Figure 4. Imagi ner Part of Electric
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Figure 5. Magnitude of Electric Field
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Figure 6. Tenperature Distribution
ef fect of El ectronmagnetic wave

V. CONCLUSI ON

The tenperature distribution pattern
of t he hypert herm a t echni que is
affected by several factors such as:
conducti on, convection (blood flow),
thermal and el ectrical properties of the
bi ol ogi cal tissue, energy absorption of
the biological tissue, the electrica
field that occurred at the biologica
tissue and the thermal regul ation system
in biological tissue. On the other hand,
the electric filed at the biologica
tissue is affected by several factors
such as: the distance between the
applicator and the biological tissue,
the shape of the applicator, t he
frequency of the electronmagnetic wave,
conductivity and permttivity of the
tissue.

The high enough tenperature change
(about 44.8 °C) occurred at the boundary
between the skin and the fat |ayers.
This high tenperature change night burn
the tissue. Therefore a protocol for
t her apy t hat could reduce t he
tenperature change i s needed.

The increasing of the tenperature at
the cancer tissue is relatively constant
and higher (about 0.4 ° C ) than the
i ncreasi ng at nor mal tissue. Thi s
phenonenon nmeans t hat t he heat
absorption rate at the cancer tissue is
greater than the rate at the nornal
tissue, so that the possibility of
occurring the cell destruction at the
cancer tissue is greater than the
possibility at the normal tissue. The
results provide a justification of using
the hypertherma technique for cancer
t her apy.
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